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Method and system o£ transmission power control 
TECHNICAL FIELD OF THE INVENTION 

The present invention relates to cellular mobile radio sys- 
tems, and more especially it relates to Code Division Mul- 
5 tiple Access, CDMA, cellular mobile radio systems, particu- 
larly to transmission power control in such systems. 

BACKGROUND AND DESCRIPTION OF RELATED ART 

Transmission power control, TPC, transmitting single or 
multiple TPC bits from a radio base station, RBS, to a mo- 
10 bile station, MS, or vice versa informing the receiving 
party to increase or decrease the transmission power level, 
optionally by a specified amount, is previously known. 

Transmission power control compensates for signal fading 
and interference dynamics at a receiver. Closed loop power 
control according to prior art is described in relation to 
figure 1. In closed loop power control received pilot 
channel signal to interference ratio, SIR, is measured at 
the receiving end (RBS for uplink) • The level of the SIR 
equals the SIR or a quantized value thereof. The level of 
the SIR is compared with a target level. Information on 
the outcome of the comparison is fed back in the reverse 
direction in the form of TPC commands. Radio wave propaga- 
tion and power control processing introduces a delay in the 
feedback loop. To achieve a feedback loop with minimxmci 
(one slot) delay, transmission power should be measured, 
responded to and controlled within one slot. The transmit- 
ting end adjusts transmission power in response to received 
TPC commands. The receiving end receives, at a propagation 
delayed time, a pilot signal transmitted at the adjusted 
level, closing the power control loop. If the level of 
measured SIR is larger than the target level, the receiving 
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end transmits a command towards the transmitting end (MS 
for uplink) to decrease the power at the transmitting end. 
If the level of the measured SIR is smaller than or equal 
to the target level the transmitting end is correspondingly 
5 instructed to increase the transmission power. If the 
level of the measured SIR is close to equal to the target 
level interchanging commands of transmission power increase 
and decrease are transmitted to keep the transmission power 
close to constant. The command to increase or decrease 
10 transmission power is sent by means of one or more TPC 
bits. A TPC command determined accordingly and within a 
predetermined one slot loop delay, irrespective of whether 
it refers to uplink or downlink power control, is called a 
regular TPC command in this patent application. 

15 In figure 1, an optional, dependent on slot format and link 
direction, TFCI field represents a Transport Format Comibi- . 
nation Indicator for use e.g. when several simultaneous ; 
services are included. - -* 

3""^ Generation Partnership Project (3GPP) : Technical Sped- 
20 fication Group Radio Access Network, Physical Layer Proce- 
dures, 3G TS 25.214 v3,3.0, France, June 2000, specifies in 
annex B.l that timing of an uplink dedicated physical chan- 
nel, DPCH, is delayed by 1024 chips from the corresponding 
downlink DPCH to maximize cell radius within which one-slot 
25 control delay can be achieved. In the sequel this maximum 
radius is referred to as the one- slot distance to the base 
station. Basically, according to the 3GPP technical speci- 
fication a TPC command comprises one bit, indicating a 
power increase or decrease. However, the invention does 
30 not exclude basic TPC commands comprising more than one 
bit. Further according to the 3GPP technical specifica- 
tion, during soft handover there is one such basic TPC bit 
or TPC command for each of the links involved, to be com- 
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bined into a TPC command- Consequently, the concept "TPC 
command'' comprises both such basic and combined TPC com- 
mands. The 3GPP Technical Specification also describes out 
of synchronization handling. Briefly, poor quality link 
5 sets are indicated to be out of sync. Regarding uplink 
power control, the MS shall shut its transmitter off during 
downlink out-of-sync conditions. If the receive timing for 
any link, during soft handover, drifts to lie outside a 
valid range, information shall be provided, so that the 
10 network can adjust downlink timing. Regarding downlink 
power control, during out-of-sync periods the TPC command 
transmitted shall be set as ^^l'', i.e. it shall indicate a 
power increase . 

European Patent Application EP0955735 discloses a method, 
. 15 and base and mobile stations for locating transmiss:ion 
power control data and pilot data in relation to each other;, 
within . a slot taking into account, processing delays and^ 
propagation delays and slot offsetting between uplink and 
downlink. 

20 None of the cited documents above discloses a closed loop 
transmission power control, TPC, with the location of TPC 
data within a slot fixed for two or more slots in relation 
to pilot symbols, the power control being adaptive to loop 
delays varying to be larger than or smaller than the dura- 

25 tion of one slot. 

SUMMARY OF THE INVENTXON 

If the distance between the MS and the RBS is larger than 
the one-slot distance, the power control loop delay will 
cause TPC commands to be issued in a slot later than the 
30 transmission instant. If the distance is close to the one- 
slot distance, it is likely for the control loop delay to 
vary between one and two slots due to movements of the mo- 
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bile station. If the loop delay is larger than one slot 
and a TPC command needs to be transmitted within one slot, 
the TPC command will be transmitted prior to estimation of 
channel quality of corresponding slot has been completed. 
5 Correspondingly, if loop delay is larger than two, three, 
four, etc. slots and a TPC command needs to be transmitted 
within two, three, four etc, slots respectively, the TPC 
command will be transmitted prior to estimation of channel 
quality has been completed. 

10 TPC commanded power level tends to oscillate particularly 
for immovable user equipment or user ecjuipment moved at low 
speed. This is even more predominant if SIR data is fil- 
tered with long integration time for SIR measurements. 

Consequently, there is a need to assign a TPC command and 
15 find a basis for the assignment that avoids excessive 
variations or oscillations. 

There is a problem in assigning the TPC command such that 
interference level is not increased and the connection is 
not lost. If transmission power would have been commanded 

20 to decrease were the loop delay not larger than one slot, 
the interference level to other users could increase if the 
assigned TPC command indicates a power increase. Simi- 
larly, if transmission power would have been commanded to 
increase were the loop delay not larger than one slot, the 

25 connection could be lost if the assigned TPC command indi- 
cates a power decrease. The restriction of TPC commands to 
indicate only a transmission power increase or decrease, in 
accordance with the 3GPP Technical Specification, makes the 
assignment critical. 

30 The TPC command assignment should take into account a tran- 
sitional phase when the loop delay increases or decreases 
to pass a slot-border. It should also apply in a (quasi-) 
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Stationary environment with loop delays larger than one (or 
more) slot intervals. 

It is consequently an object of the present invention to 
achieve transmission power control that is stable when 
5 transmission power control loop delay increases beyond a 
slot border- 

It is also an object to achieve a system stabilized for 
loop delays essentially not varying over time. 

An object is also to have a transmission power control that 
10 is stable and robust - 

Another object is to estimate transmission power control 
loop delay. 

Finally, it is an object to reduce radio interference be- 
tween different connections and reduce transmission power 
15 level in a cell of a cellular radio communications system. 

These objects are met by a method and apparatus transmit- 
ting a TPC command based upon a latest available earlier 
measurement adjusting for excessive oscillating variability 
by a quasi -periodic correcting signal with a cycle time 
20 corresponding to half the TPC control delay. 

BRIEF DESCRIPTION OF THE DRAWINQS 

Figure 1 displays slot content and timing, according to 
prior art, of transmission of TPC commands and subsequent 
response to TPC. 

25 Figure 2 illustrates an incrementally commanded power 
level versus time, with oscillations of cycle time corre- 
sponding to eight slot intervals. 
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Figure 3 illustrates an incrementally coinmanded power 
level versus time, compensated according to the invention . 

Figure 4 demonstrates a refined power level versus time 
compensation, according to the invention. 

5 Figure 5 illustrates a flow chart of a method according to 
embodiment 1 of the invention . 

Figure 6 shows a schematic flow chart of embodiment 2 of 
the invention . 

Ficrure 7 depicts schematically a flow chart of embodiment 
10 3 of the invention for one radio link. 

Figure 8 shows a block diagram according to embodiment 1 

of the invention. 

Figure 9 . illustrates a block diagram according to embodi- 
ment 2 of the invention. 

15 Figure 10 presents a block diagram according to embodiment 
3 of the invention. 

Figure 11 schematically illustrates a mobile station and 
two radio base stations, according to the invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

20 In particularly a CDMA system it is important to control 
the uplink (and downlink) transmission power to a level not 
larger than necessary in order to keep the interference 
level and power consumption of the system at a minimum. 



25 



Loop delays tend to create an oscillatory behavior of con- 
trolled transmission power as illustrated in figure 2. The 
cycle time. To, of oscillations depends on loop delay. 
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There are present solutions to reduce or eliminate the in- 
fluence from excessive loop delay that operate satisfacto- 
rily for user equipment moving at high or medium speed, the 
motion causing loop delay to vary. However, for immovable 
5 or slowly moving terminals such solutions do not apply. 

The invention operates using smallest available loop delay 
and compensates for oscillations as they occur. The loop 
delay depends not only on distance between base station and 
user equipment but also on load and user terminal perfoann- 
10 ance. 

In prior art, oscillation peaks may well cause transmission 
power to pass beyond SIR target, thereby introducing excess 
interference and reducing system performance. 

Received pilot bits, used for SIR measurement, may be de- 
tected for evaluation or filtered for estimation of re- . 
ceived transmission power. In the latter case additional 
delay and associated oscillating behavior is introduced, 
further contributing to oscillatory behavior. Also this 
negative contribution is compensated for according to the 
invention. 

The invention detects oscillatory behavior of the con- 
trolled power control level. A quasi- stationary cycle 
time, or equivalently a quasi -stationary frequency compo- 
nent, is preferably used for estimating closed loop trans- 

2 5 mission power control loop-delay. 

Transmission power control, TPC, commands are predistorted 
to compensate for oscillations when present. During tran- 
sitional phases, when there are no full periods for loop 
delay estimations, preferably no predistorsion is intro- 

3 0 duced. 
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According to prior art, radio receiving entity sends to ra- 
dio transmitting entity 1500 TPC commands per second, each 
indicating whether transmission power should be increased 
or reduced. The command is determined in accordance with 
5 received signal and interference levels as compared to one 
or more targets. 

A preferred estimate of the loop delay is % of quasi- 
stationary cycle time as determined or, equivalently , 
l/{4fo), where fo is detected quasi-stationary oscillation 
10 frequency. Units of time are e.g. (fractions of) seconds 
or n\amber of slots or power control regulation intervals. 

According to a preferred mode of the invention, oscilla- 
tions to be compensated, if any, in commanded transmission 
power are analyzed in frequency domain. Oscillations to be 
15 compensated are detected when one frequency component, fo, 
smaller than the TPC command rate, strongly dominates over 
others, if any. 

According to a second mode of the invention, all frequency 
components above a threshold are compared to frequency com- 
20 ponents below the threshold. If accumulated power of fre- 
quencies below the threshold dominates accumulated power of 
frequencies above the threshold, oscillation to be compen- 
sated for is considered to prevail. 

A preferred predistorsion of an oscillating uncompensated 
25 TPC commanded power level is illustrated in figure 3. 

Initially, a periodic predistorsion signal halving cycle 
time and amplitude (peak-peak) to V4 of an uncompensated TPC 
command sequence power level ^uncompensated transmission 
power» oscillation cycle time and amplitude (peak-peak) , 
30 respectively. A binary sequence «Bin. seq.» corresponding 
to TPC commands (0/1) as would cause a power change corre- 
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spending to the predistorsion signal «predistorsion power» 
is determined and added modulo-2 to the uncompensated can- 
didate TPC command sequence (0/1) «Cand. seq.» to achieve 
the compensated TPC commands (0/1) «TPC seq.» command by 
5 command prior to transmission of the respective TPC com- 
mands. Of course, the same resulting signal would be 
achieved if the compensation signal and the uncompensated 
TPC commands were antipodal (±1) and the signal components 
were multiplied, as the different representations are alge- 
10 braically equivalent. 

Subsequently, the process may be repeated for refined com- 
pensation, halving the cycle time and peak-peak amplitude 
of the initially compensated periodic signal. This can be 
repeated until the cycle time equals two slots. This addi- 
15 tional step is illustrated in figure 44. 

. . Of course, the above-mentioned repeated refinement does not 
necessarily imply that the compensation is actually per- 
formed recursively. It can be achieved by adding a compen- 
sating sequence at once with a resulting transmission power 
20 control command sequence equivalent to iteratively deter- 
mined compensation. 

In one mode of the invention, the compensating sequence is 
produced by means of a neural network in a back-propagation 
arrangement . 

25 Another mode of the invention uses predefined sub-sequences 
for compensation. 

In a further mode of the invention the sub-sequences for 
compensation are generated pseudo-randomly . 

It is preferred that predistorsion is introduced not until 
30 a predefined number of slots indicate oscillation to be 
compensated- In the illustrated example of figure 3 pre- 
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distorsion is started at time Ti after 12 slots, correspond- 
ing to 1.5 cycles of oscillation or 6 times loop delay (us- 
ing the estimation ratio of 4) , for the particular example. 

Predistorsion is interrupted (or not introduced) when all 
5 TPC commands commanding power changes in one and the same 
direction (transmission power increase or decrease) during 
an interval corresponding to loop delay as estimated are 
obtained. 

The invention covers three embodiments: 
10 1. single connection predistorsion, 

2. single connection filtering, and 

3. plural connections predistorsion at cell level . 

Figure 5 illustrates a flow chart of a method according to 
embodiment 1 of the invention. If oscillation is detected, 
preferably using frequency analysis as described above, 
loop delay is estimated, preferably to % of the dominating 
frequency component ' s cycle time according to the f rec[uency 
analysis. A compensation signal, preferably of half the 
peak-peak amplitude and half the cycle time of the dominat- 
ing frequency component of the uncompensated transmission 
power control signal, is generated and injected to the un- 
compensated transmission power control signal. The compen- 
sation process repeats for successive transmission power 
control commands until the number of consecutive identical 
power control commands exceeds a predefined number, pref- 
erably corresponding to earlier estimated cycle time of the 
uncompensated commanded power level. 

Figure 6 shows a schematic flow chart of embodiment 2 of 
the invention. Loop delay is continuously estimated, pref- 
30 erably by means of frequency analysis. According to the 
first mode of the invention one or more dominating fre- 
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quency components, smaller than the TPC command rate, are 
blocked, preferably by filtering out these frequency compo- 
nents. The second mode of the invention indicates whether 
transmission power control could be relaxed or not. If 
5 frequency components below the dominating oscillation fre- 
quency are dominant transmission power control faster than 
the dominating oscillation frequency is required. In cases 
when frequency components above the dominating oscillation 
frequency are dominant, requirement on transmission power 
10 control speed could be relcixed as long as the power control 
commands are sent with a smallest frecjuency corresponding 
to the oscillation frequency. 

Figure 7 depicts schematically a flow chart of embodiment 3 
of the invention for one radio link. All radio links are 

15 continuously monitored for oscillations in their respective 
. uncompensated TPC command power level, preferably by means 
of frequency analyses in the above-mentioned modes of in- 
• vent ion. Also continuously, cell interference level is 
monitored for each slot. For each oscillating radio link, 

20 TPC command power level and interference level are corre- 
lated on a slot-by-slot basis. When the correlation ex- 
ceeds a predefined threshold, co-variation is considered to 
prevail and a predis torsion pattern is injected to the un- 
compensated transmission power control signal for the radio 

25 link, as described above in relation to figure 3. 

In an alternative embodiment, the cell interference meas- 
urement and correlation with cell interference level is re- 
placed by per cell pair-wise correlations of uncompensated 
TPC command power levels of the various radio links and a 
30 predistorsion pattern is injected to one of the uncompen- 
sated transmission power control signals at a time. 
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Figure 8 shows a block diagram according to embodiment 1 of 
the invention. An uncompensated TPC command sequence is 
fed to an oscillation detector «Osc. det.». As mentioned 
above the oscillation detector preferably comprises a fre- 
5 quency analyzing entity. An output signal from the oscil- 
lation detector is entered to processing circuitry «Delay 
estim.» for loop delay estimation. Preferably, the delay 
is estimated based upon oscillation frequency or cycle time 
being output from the oscillation detector, A predistor- 

10 sion pattern is generated in a subsequent processing entity 
«Predist. gen.». The predistorsion pattern is generated in 
accordance with the loop delay and peak-peak amplitude of 
the oscillating component- With a binary (0/1) representa- 
tion the compensating signal from the predistorsion pattern 

15 generator «Predist, gen.» is added modulo-2 to the uncom- 
pensated TPC command sequence. With an antipodal represen- 
tation the summing entity of figure 8 is replaced by a mul- 
tiplying entity. 

Figure 9 illustrates a block diagram according to embodi- 
20 ment 2 of the invention. An uncompensated TPC command se- 
quence is fed to an oscillation detector «Osc. det-». As 
mentioned above the oscillation detector preferably com- 
prises a frequency analyzing entity. An output signal from 
the oscillation detector is entered to processing circuitry 
25 «Freq. estim.» for loop delay estimation. Preferably, the 
delay is estimated based upon oscillation frequency being 
output from the oscillation detector. The oscillation fre- 
quency is entered into a programmable oscillation filter 
«Osc. filter» filtering the uncompensated TPC command se- 
30 quence «TPC seq.» to achieve a compensated TPC command se- 
quence «Comp. TPC seq-». The oscillation filter is pref- 
erably a digital filter. In an alternative realization 
filtering is performed in frequency domain and including 
subsequent inverse transformation to time domain. 
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Figure 10 presents a block diagram according to embodiment 
3 of the invention. M uncompensated one or more TPC com- 
mand sequences are fed to one or more oscillation detectors 
«Osc . det.». In the figure oscillations are assumed to be 
5 detected for L out the M uncompensated one or more TPC com- 
mand sequences. These one or more TPC command sequences 
are passed to a processing entity «Compare & Select». One 
or more received signals at the radio receiver that are not 
involved in communications to which the M uncompensated one 

10 or more TPC command sequences relate are identified, if 
any, in an interference detector <clnterf. det.». The in- 
terference detector operates similar to interference detec- 
tors for estimation of signal-to-interference ratio, but in 
addition preferably identifies individual interfering sig- 

15 nals. The one or more interfering signals and the L power 
levels, corresponding to the L out of M uncompensated* one 
or more TPC command sequences, considered to oscillate are 
input to a processing entity «Correlate & Select» selecting 
K out of the L uncompensated one or more TPC command se- 

20 quences for predistorsion if interference correlation ex- 
ceeds a predetermined threshold. Each of the K uncompen- 
sated one or more TPC command sequences considered corre- 
lated with interference are compensated as described above 
for single connection predistorsion according to embodiment 

25 1. The remaining M-K uncompensated one or more TPC command 
sequences are transmitted without predistorsion injection. 

Figure 11 schematically illustrates a subsystem including 
an MS and two RBSs according to the invention. The system 
instruments the embodiments described above. In this fig- 
30 ure the RBSs are indicated to operate omnidirectionally. 
However, the invention is not limited to omnidirectional 
radio base stations. It can readily be used irrespective 
of whether the RBSes use directional or omnidirectional an- 
tenna radiation patterns. A first radio base station RBS 1 
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is provided, according to the three embodiments of the in- 
vention, with means 1 for oscillation analysis and means 2 
for predistorsion injection according to embodiments 1 and 
3 or means 2 for oscillation blocking according to embodi- 
5 ment 2 of the invention. RBS 1 and RBS 2 are equipped with 
logic and processing capacity 3 as previously described for 
the embodiments. The means can be included in the RBS or 
connected as one or more separate devices. The MS is fur- 
nished with means 4 for identifying and responding to re- 

10 ceived power control commands. The radio base station 
RBS 1 or RBS 2 receives signals on an uplink, the received 
signal quality and loop delay forming a basis of the TPC 
command. The TPC command is transmitted on the downlink 
for transmission power control of the MS, so called uplink 

15 power control. If the invention is applied for downlink 
power control, transmission power of the RBS is controlled 
correspondingly reversing the roles of the RBS and MS.. For 
this situation, the MS is illustrated including means 5, 6 
and 7 corresponding to means 1, 2 and 3 respectively of the 

20 RBS, and the RBS is furnished with means 8 corresponding to 
means 4 of the MS. For downlink power control compensation 
is preferably located to the RBS. Thereby, also excessive 
transmission power due to a plurality of mobile stations 
requesting transmission power increase can be avoided. 

25 A person skilled in the art readily understands that the 
receiver and transmitter properties of an RBS or an MS are 
general in nature. The use of concepts such as RBS or MS 
within this patent application is not intended to limit the 
invention only to devices associated with these acronyms - 

30 It concerns all devices operating correspondingly, or being 
obvious to adapt thereto by a person skilled in the art, in 
relation to the invention- As an explicit non-exclusive 
example the invention relates to mobile stations without a 
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subscriber identity module, SIM, as well as user equipment 
including one or more SIMs. 

The invention is not intended to be limited only to the em- 
bodiments described in detail above. Changes and modifica- 
5 tions may be made without departing from the invention. It 
covers all modifications within the scope of the following 
claims . 



